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ABSTRACT 

A redesign of the antenna electronics package for  t h e  NBS/CPS C I A  
receiver has resulted i n  significantly reduced cost and improved 
performance. Major improvements include a s impl i f i ed  and more 
r e l i ab le  multiplier/mixer, elimination of a l l  twelve piston trimmer 
t u n i n g  capacitors i n  the original d e s i g n ,  elimination of expensive 
bandpass f i l t e r s ,  l e s s  expensive antenna and a simplified packaging 
scheme. 

B AC KCRO UND 

Very early i n  t h e  des ign  of the NBSICPS receiver ( i n  1979), we decided to 
include t h e  first mixer and some IF amplification a t  the antenna. A local 
o sc i l l a to r  (LO) signal a t  100 MHz, along wi th  +15 Vdc, was sent to  the 
antenna package on one cable. The LO was m u l t i p l i e d  t o  1500 MHz, and 
mixed w i t h  the CPS signal a t  1575.42 MHz, generating an I F  of 75.42 MHz. 
After ampllfication and f i l t e r ing  the I F  signal is sen t  down to  the  
receiver on a second coax cable. 

Down conversion to  the I F  a t  t h e  antenna package allows u s  t o  have almost 
unlimited cable lengths between the receiver and antenna. Cable suitable 
for  75 t o  100 MHz is inexpensive and easy to  work wi th .  'Several NBS/GPS 
receivers are operating w i t h  RC-58 cables over 60 meters long. 
contrast ,  a 60 meter cable suitable for  operation a t  1575 MHz would be a 
"semirigid" a i r  d i e l ec t r i c  type and would not be easy to  p u l l  through 
raceways and ducts. 

I n  

Unfortunately, down conversion a t  the antenna creates other problems, i n  
that  i n  addition to  an RF amplifier, we have added a LO multiplier chain, 
mixer, and I F  amplifier that  must operate reliably from -25OC to  +6OoC. 
We have had some problems with the or iginal  mul t ip l i e r  chain design which 
convinced u s  tha t  a complete redesign of the antenna package was 
necessary. 

PHYSICAL PACKAGING 

A comparison of the new and old antenna packages is shown i n  Figure 1. 
Both a re  drawn to  the same relat ive scale. The new package is 
rectangular, 23 cm x 23 cm x 10 cm (9" x 9" ~ 4 " ) .  
t he  10 cm high aluminum cover wi th  antenna and dome attached, wi th  a 2.5 
cm high i n s i d e  f i t t i n g  aluminum l l d  inserted i n  the bottom. A s ing le  
fiberglass-epoxy G - I O  printed c i r cu i t  board is mounted t o  t h e  l i d  with 
standoffs. 

'Work of the  U.S. hvernment; not subject t o  U.S. copyright. 

The package consists of 
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Figure 2 shows the  major elements of the  physical construction. One 
primary goal Was t o  minimize cost of the antenna package while maintaining 
a rugged, re l iable ,  reproducible u n i t .  

The single G-10 printed Circuit board with rf shields mounted on i t  where 
needed is much l e s s  expensive than the milled aluminum casea used i n  the 
original package. In f ac t ,  any one of the 3 milled aluminum cases i n  the 
original design was more expensive than the complete new physical package. 
The sections of aluminum heat s i n k  extrusions used for rr shields require 
a minimum of machine work. 
is less  than  $20 per package, based on fabrication of 15 antenna 
packages. 

- 

The to ta l  coat of 4 shields and 3 covers 

No attempt was made t o  hermetically seal the antenna package, since our 
past experience indicates t h a t  water can always get i n ,  and once inside, 
i t  stays. 
with a be l t  sander so the l i d  was a loose f i t  i n  the cover. T h i s  allows 
the case to breathe and maintain the inside a t  ambient humidity. 
is inset s l i g h t l y  so that water running down the sides of the cover w i l l  
not "wick up" around the l i d .  
protective chromate conversion surface treatment and sprayed with an 
aluminum metal sealer. After a l l  components were mounted, the PC board 
was also sprayed with two coats of sea le r ,  which a lso provides moisture 
proofing and fungus Protection. 
cover were sprayed with two coats of white epoxy paint. 

Rather, edges of the inside f i t t i n g  l i d  were sanded 

The l i d  

A l l  aluminum surfaces were given a 

A l l  outside surfaces of the aluminum 

ELECT RON I CS 

The electronics package shown i n  Figure 3 provides about 65 db of gain 
from antenna t o  I F  Output .  A l l  r f  c i rcui t ry  a t  750 MHz and above is 
fabricated a3 microstripline on the main c i r c u i t  board except for the 
single Ga As FET low noise amplifier. 
noise figure of the system, we decided not t o  attempt to bui ld  i t  on the 
relatively lossy G-10 c i rcui t  board. 
fabricate the FET stage on a separate glass-teflon c i r cu i t  board, b u t  our 
second wpoint-to-pointn wired prototype LNA board worked so well that  we 
decided to  use that approach. Because of the relat ively simple construc- 
tion a technician can easily fabricate ten LNA boards i n  one day.  

Since t h i s  stage determines the 

Our or iginal  intention was t o  

The overall noise figure of the front end is adjusted by bending a small 
inductor i n  ser ies  with the gate of the L N A .  The noise figure for the 
first ten u n i t s  1s between 1.0 and 1.25 dB, measured from LNA i n p u t  to I F  
output. 
connecting antenna and LNA. 

The noise figure 1s degraded 0.2 dB by losses i n  the cable 

One of our primary goals was elimination of a l l  tuning capacitors i n  the 
new antenna package. 
of $160 i n  the old package also helps improve r e l i ab i l i t y .  
tuning of the 750 MHz and 1575 HHz microstrip bandpass f i l t e r s  by 
designing for  105 f i l t e r  bandwidth. 
f i l t e r  is to insure that  response is down at  leas t  16 dB a t  the 1425 MHz 
IF image, so overall noise figure w i l l  not be degraded. 
rejection of the s t r ip l ine  f i l t e r  1s a modest 30 dB which is not 

Elimination of RF piston trimmers which cost a to ta l  
We avoid 

Our primary concern with the 1575 MHz 

Ultimate 
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nearly a3 high the $200 commercial lumped element f i l t e r  used in 
the  o r i g i n a l  antenna package. However i t  has proved adequate i n  t h i s  
sppl icat ion. 

A l l  tuned circuits i n  the multiplier chain (50 MHz and 150 MHz) as well as  
t h e  75 MHz (k12 MHz) I F  band Pass f i l t e r  are adjusted by bending the a i r  
wound c o i l s .  
c i r c u i t .  A l l  c o i l s  are wound us ing  AWC-22 heat strippable wire, and are  
self-supporting on the c i rcu i t  board. 
improved r e l i a b i l i t y ,  we feel elimination of variable capacitors helps 
improve s t a b i l i t y  over the operating temperature range. 

No mechantcally adjusted tuning slugs a re  used in any 

Besides cost  reduction and 

Group delay of the antenna package, an important parameter i n  a ttme 
t ransfer  receiver,  1s p r h " l Y  determined by the 75 MHz IF bandpass group 
delay of approximately 30 n s  ( t o t a l  group delay f o r  the RF section is 
under 5 n s ) .  
over a temperature range of -25OC to +5OoC and found the  variation t o  
be less than 1 ns.  We hope to  Verify t h e  overall group delay variation 
wi th  temperature i n  the next few months, b u t  expect that  i t  w i l l  d i f f e r  
l i t t l e  from t h e  I.F. group delay variation. 

We have tested the IF section for  changes i n  group delay 

The mult ipl ier  chain and t w i n  diode second harmonic mixer have been 
trouble f r e e  i n  t h i s  design. Use of t h i s  mixer cuts  performance 
requirements of t h e  multiplier chain substantially.  First, the  injection 
frequency is h a l f  that normally required by a mixer, 750 MHz i n  t h i s  case 
rather than 1500 MHz. Second, the power level required for  the 750 MHz 
can be as low a s  -3 dBm, rather than the typical +6 dBm required by most 
double balanced mixers. Other than limited maximum signal level (-30 dBm) 
and l i m i t e d  bandwidth (205) res t r ic t ions,  the t w i n  diode mixer is an 
excel lent ,  low cost choice for a mixer. 
be found i n  the references C13. 

A more complete description can 

The mult ipl ier  chain provides a l l  necessary power gain a t  relatively low 
frequencies where gain is easy to obtain. The +15 dBm drive level a t  150 
MHZ t o  the  X 5 multiplier varies less  than 1 dB a s  the 50 MHz i n p u t  level 
is changed from +6 dBm t o  -15 dBm. 
constant ( w i t h i n  1 dB) over the f u l l  temperature range. 

The 150 MHz drive level is also 

The X 5 diode mul t ip l i e r  was derived from the design of a similar 
m u l t i p l i e r  i n  a Pay-TV down converter. The Pay-TV converter used a IN914 
switching diode to  multiply to 1100 MHz. We chose to  use a more recent 
vintage switching diode, the IN4153, which worked very well i n  t h i s  
c i r c u i t .  Conversion efficiency is about 105, including almost 3 dB lo s s  
in the 750 MHz bandpass f i l t e r .  

The I F  amplifier uses three wideband (dc  to 400 MHz) integrated c i r c u i t  
gain blocks. Each c i r cu i t  has a gain of 1 4  dB, providing a to ta l  of 42 dB 
gain. 
gain b lock ,  along with the bandpass f i l t e r  between t h e  f i r s t  and second IF 
stages  result i n  complete c i rcu i t  s t a b i l i t y  with no tendency for  spurious 
oscl l l a  t i on. 

Low.pass (150 MHz) f i l t e r s  before the f i rs t  and a f t e r  the  second 



The an tenna  used w i t h  t he  new front end is a commercial implementation [2 ]  
of t h e  v o l u t e  or q u a d r a - s p i r a l  h e l i x ,  p o p u l a r i z e d  by Kllgus 131. 
r e l a t i v e l y  small (2.5 cm diameter by 5 cm high)  and inexpensive t o  
c o n s t r u c t ,  c o n s i s t i n g  of three pieces of AUC-16 wire and one plece of 
m i n i a t u r e  semi-r igid coax, t h e  same d iame te r  as AWG-16 wire. The r a d i a t i o n  
p a t t e r n  r e sponse  is r i g h t  c i r c u l a r  wlth nea r  hemisphere coverage. 
narrow frequency range n e a r  resonance ( 2  20 MHz) t h e  VSWR is less t h a n  
1.4:l: however l t  becomes h i g h l y  reactive o u t s i d e  of t h i s  narrow range. 

I t  is 

Over a 

S i n c e  t h e  LNA, when a d j u s t e d  for lowest n o i s e  f i g u r e ,  is not uncondi- 
t i o n a l l y  stable a t  a l l  f r e q u e n c i e s  up to t h e  60 CHz c u t o f f  f requency of 
t h e  FET, o s c i l l a t i o n s  can occur  due t o  the  wide ly  va ry ing  impedance of t h e  
antenna away from its re sonan t  frequency. However, by carefully 
c o n t r o l l i n g  t h e  l e n g t h  of t h e  cable connect ing t h e  an tenna  t o  t h e  LNA,  i t  
is p o s s i b l e  to  p r e s e n t  a stable set  of s o u r c e  impedances. The same cable 
l e n g t h  has worked w i t h  a l l  u n i t s ,  bu t  a change i n  cable l e n g t h  of 2 cm 
w i l l  g u a r a n t e e  o s c i l l a t i o n .  
a f e r r i t e  isolator i n  t h e  LNA i n p u t ,  but t h i s  would both i n c r e a s e  c o s t  and 
degrade n o i s e  f i g u r e .  

A more e l e g a n t  s o l u t i o n  would be to  p rov ide  
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